Exercise tests occasionally induce a QRS axis shift. Reviewing single Master's two-step test electrocardiograms of 1810 patients, we examined the incidence of the QRS axis shift and the relations of the QRS axis shifts to ischemic heart disease. The QRS axis shift was 30 degrees or more to the right in 38 (2.1%), 15 to 29 degrees to the right in 304 (16.8%), less than 15 degrees to the right or to the left in 1375 (75.9%), 15 to 29 degrees to the left in 81 (4.5%), and 30 degrees or more to the left in 12 patients (0.7%). The frequency of positive Master's tests and clinical ischemic heart disease were both significantly greater in the patients with QRS axis shifts of 30 degrees or more to the right (15.8% and 26.3%, respectively) and the patients with those of 30 degrees or more to the left (33.3% and 50.0%, respectively) than in the patients with shifts less than 15 degrees (6.5% and 8.5%, respectively). These results indicate that the exercise-induced QRS axis shift is a useful clue for the diagnosis of ischemic heart disease.
MATERIALS AND METHODS
This study was based on reviewing electrocardiograms (ECGs) recorded during single Master's two-step tests from 1810 patients during the period from 1968 to 1980 at the Institute for Adult Diseases, Asahi Life Foundation.
The patients consisted of 1125 men and 685 women and their ages ranged from 18 to 78, with an average of 56.5 years. One hundred eighty-five patients had clinical ischemic heart disease, 360 patients had hypertension, 301 patients had diabetes mellitus, 160 patients had both hypertension and diabetes mellitus, and the remaining subjects had nonspecific chest complaints. Standard 12 lead ECGs were recorded in the supine position before, 0, 1, and 3 min after exercise. QRS axis, heart rate, and ST-T changes were measured on each record. The magnitude of QRS axis shifts was determined by measuring changes in the QRS axis in limb leads on the hexaxial reference system. A positive Master's test was defined by ST segment depression of 0.1mV or more with a horizontal or downward slope and ischemic heart disease was defined by previous myocardial infarction or definite angina pectoris. Coronary angiography was performed on 7 of 50 patients with QRS axis shifts of 30 degrees or more to the right or to the left at the Division of Cardiology, Toranomon Hospital. Statistical analysis utilized Student's t-test and x2 test.
RESULTS

Reproducibility of QRS axis shift
The exercise test was repeated 5 times or more with various intervals on 71 patients. When the differences in QRS axis shifts between the repeated tests remained within 5 degrees, the QRS axis shifts were regarded as the same. According to this criterion 68 patients (95.8%) showed the same QRS axis shifts in 3 or more repeated tests. 2. Incidence and magnitude of QRS axis shift When the exercise test was repeated twice or more on the same patient, the ECG with the greatest QRS axis shift was used as a representative record. Table I shows the incidence and magnitude of the QRS axis shifts. The QRS axis shifts remained within 15 degrees to the right or to the left in about three-fourths of the patients. The maximal QRS axis shifts were 50 degrees to the right and 125 degrees to the left.
3. Time course of QRS axis shift The time courses of QRS axis shifts were studied in 435 patients with QRS axis shifts of 15 degrees or more. The shifts developed immediately after exercise. They disappeared gradually in 408 patients (93.8%) and returned to the control level 3 min after exercise in 253 patients (62.0%). In 27 patients (6.2%), the QRS axis shifts increased gradually until 3 min after exercise. Fig.1 shows the pre-and post-exercise ECG of a male patient (age: 45 years) with angina pectoris. The QRS axis changed from plus 65 to minus Table IV shows coronary angiographic findings from 7 patients with QRS axis shifts of 30 degrees or more to the right or to the left. Six of the 7 patients had severe coronary atherosclerosis.
DISCUSSION
The most common sign of myocardial ischemia in exercise ECG is ST segment deviation. However, other types of ischemic changes, such as the appearance of a q wave, U wave inversion and QRS axis shift have been noted.2)-6) Bobba et al2) found marked QRS axis shifts to the right (left posterior hemiblock) in 4 of 110 patients on maximal bicycle ergometer tests. Three of the 4 patients had severe obstruction of the right coronary artery, one had an inferior myocardial infarction. Oliveros et al3) and Belic et al,4) respectively, reported 2 patients and 1 patient with marked QRS axis shifts to the left (left anterior hemiblock) during treadmill exercise tests. These 3 patients had significant obstruction of the left anterior descending coronary artery. These reports suggest that an exercise-induced marked QRS axis shift is a sign of severe obstructive lesions in the coronary arteries.
Lepeschkin7) stated that the QRS axis usually shifted to the right after exercise. Thereafter there were several reports2)-5),8) on large exercise-induced QRS axis shifts. Kawakubo et al9) found hemiblock in 4 of 248 patients who had performed maximal treadmill exercise. Using polarcardiographic responses to maximal treadmill exercise in healthy young adults (32 males and 40 females), Bruce et al10) observed QRS axis shifts to the right in 7 patients (9.7%) and left anterior hemiblock in 8 patients (11.2%). However, they did not mention the degree of the QRS axis shifts. In a retrospective review in 158 patients who had both treadmill exercise tests and coronary angiograms, Hegge et al6) noted QRS axis shifts in 13 of 158 patients. Nine of 13 patients had exercise-induced right axis shifts (14, 22, 25, 38, 39, 59 , 68, 79, and 90 degrees), and 4 had exercise-induced left axis shifts (11, 31, 36 , and 56 degrees). Reports of Bruce et al10) and Hegge et al6) were based on maximal exercise tests using a treadmill. Therefore, these results cannot necessarily be applied to the Master's two-step test with lesser work .
Using a single Master's two-step test, we found QRS axis shifts of 15 degrees or more to the right or to the left in about one-fourth and extreme QRS axis shifts of 30 degrees or more in a small number (2.8%) of patients. Both the incidence of a positive Master's test and of ischemic heart disease were significantly higher in the patients with marked QRS axis shifts than in those with slight ones. Thus, we should pay attention to QRS axis shifts as well as ST-T changes during exercise tests. Chung1) reported that the occurrence of hemiblock during exercise was primarily a rate-dependent phenomenon. In the present study, the extreme QRS axis shifts were partly related to the heart rate. Transient left anterior hemiblock has been reported under different clinical conditions such as shock, congestive heart failure, injection of angiographic contrast material into the coronary arterial system and anginal attack.8),11)-13) Levy et al14) reported a case with transient left anterior hemiblock during a spasm of the left anterior descending coronary artery and suggested that left anterior hemiblock was indicative of ischemia of the left anterior-superior fascicle of the left branch. Oliveros et al3) and Belic et al4) also suggested a close relationship between exercise-induced left anterior hemiblock and obstruction of the left anterior descending coronary artery. In the present study, coronary angiography was performed on 3 of 12 patients with QRS axis shifts of 30 degrees or more to the left. All 3 patients had severe obstruction of the left anterior descending coronary and/or the left main coronary artery. These observations indicate that a large exercise-induced left axis shift is an important sign suggesting severe obstructive lesions in the proximal portion of left coronary artery.
Hegge et al6) reported that there was no predictable association between exercise-induced right axis shifts and severe obstruction of a major coronary artery. On the other hand, Bobba et al2) demonstrated that an exercise-induced transient left posterior hemiblock was related to a transient injury in the posteroinferior wall of the left ventricle in the presence of segmental or widespread coronary artery disease. Although in this study coronary angiography was performed on only 4 of 38 patients with a right axis shift of 30 degrees or more, 3 of the 4 patients had severe coronary obstruction.
